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This paper aenetediee the ssueeutenten anaettes of the Hurley Plant of 
the Nevada Consolidated Copper Co. at Hurley, N. MOxe, is one of a series of 


papers on mee a eS. methods od costs: being Brepere by the United States Bureau | 
of Minese 


Tue Hurley. eencenteater = a pied: daily siidiadlel of 13,500 tons cf 
ore, and for the first four months cf 1930 the heads of the concentrator averaged 
le 3D per cent of copper and 3.14 per cent of iron. The recovery for this period 


was 83.98 per cent and the’ concentrates perenee! Breeaene 27.54 per cent cf 
copper. > 


Location. Ls Mine and Concentrator. 


The mine and concentrator are located at Santa Rita and Hurley, res- 
pectively, in Grant County; N. Mex. Mining is done in open pits with power shovels. 


Water 


Water is obtained from wells located in the vicinity of the concentra- 


tor, and during the rainy season Tun off water is impounded and made available 
for milling puspeeee. : 


Power 


Power for mining sea cme is obtained from the eect sehen 
plant located at the concentrator. ‘The pewer plant consists cf three Allis- 
Chalmers. turbo-generators, one 7,500-kilowatt, one 6,000-kilowatt, and one 2,000~ 


kilowatt. Three Nordberg reciprocating unites, ee of i. 200-kilowatt capacity, 
are used ain emergency. | 


‘Steam at 188 eae pressure is fuentened by # five boiler units each 
equipped bedadl two Heine water tube botlers and one ll, 000 pounce per hour "Aero" 


1 ~ The TET of Hines” will icc renrinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau of 
Mines Information Circular 6394," 

2 - One of the consulting engineers, U. S. Bureau of Mines, and concentrator 
superintendent, purer: Plant, Nevada Consolidated: Copper Co. 
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type coal pulvsrizer. ‘The boilers are operating under enproximately 1 inch of 
induced draft furnished by two 16-foot Sturtevant fans. Slack coal is obtained 
from the Gallup coal fields in northwestern New Mexico. 


Power is generated at both 4,600 and 400. volts and is stepped up to 
24,000 volts for transmission to the mine at Santa Rita and. to the pumping sta-~ 
tions near Hurley. Power for milling alo is trensmitted at 480 volts. 


ORS, TREATED .” e! oS - 


The ore as it comes from the.mine varies greatly in physical properties, 


as that mined from the lower benches being somewnat softer than the ore frem the 
upper benches. ‘The copper mineral is principally chalcocite, although this in 
places is accompanied by azurite, snc aaii caryeocel he: ene eae 


“The highly me temoeniigsed Goad ‘dlorite porohyry’ asi sedimentary -_ 


in which the ore.minsrals are found, are greatly fractured. The ‘chal cocite 
occurs along these fractures in small stringers and veinlets, and also in part 
as small disseminated grains scattered througnout the rocks. It replaceg pyrite, 
but in many instances this replacement has not been complete,” 80 ) that the .chal~ 
cocite forms a shell around a remnant of pyrite. | 


‘The gangs ‘minerals, eae pyrite, . sericitd, a halloysite: are 
aasoeinten with the chalcocite. ‘he copper minerals of the ore, in their asso- 
clations and nroportions to the ganzgue minerals, vary in different parts of the 
mine, so that in these respects there ia little uniformity in the ore as re- 
ceived at the CODCS Rea eO rer . 


Small amounts ‘62 cola. and elives occur in the ore. ‘The concentrates 
produced after: milling contain poorenee ye 0.040 ounce of gold and 0.55 ounce 
of silver per ton. 


BRIEF HISTORY OF CONCENTRATOR OPERATIONS 


Concentrator cperations were started in 1911 with No. 8 gyratory crush- 
ers and 72 by 20 inch rolls for coarse crushing, 42 by 16 inch rolls with impact 
screens for fine crushing, Chilean mills for fine grinding, and hydraulic 
Classifiers, tables, and vamers for concentration. 


In 1914 flotation concentration was added for the treatment of slime 
end for the re-treatment of the finer portion of the vanner ccncentrates. 

As originally built, the coarse crushing department consisted of two 
sections while the balance of the concentrator consisted ef five sections. Two 
additional sections were added to the concentratcr in the years 1918 and 1919 
making a total of seven sections. These two new sections we 1ipped with 8 
by 6 foot Marcy ball mills for primary grinding and 7 by 10 pedt s mills for 
secondary grinding. The concentrating equipment of the new si se was similar 
to that used for the five older sections. ; 


The entire equipment and »ractically the same flow sheet contimed in 
operation until March, 1923, when all vanners with auxiliary equipment were 
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abandoned ani: the ré-treatnent. of vanner consentrates ‘WAS - discontimed. . 


e 


| During this same year a reconstruction program was started which in~ 
cluded the substitution of Dorr model DSDB, &foot by 26-foot 8~inch classifiers 
with 15-foot bowls for hydraulic classifiers; the replacement of Chilean mills 
with 7 by 10 foot ball mills, using inch balls, for.fine grinding; and - the 
installation of Chino~tyne pneumatic flotation machines in place of the Janney 
pyramid-type, mechanical air-flotation machinese ‘These changes were completed 
in 1925, resulting in a flow sheet as shown An _ Figure l. 


In 1924 the use of reconstructed coal tar ereosote as flotation oil 
was discontimed, and the reagents sodium ethyl xanthate and pine oil were mabe 
stituted as selector and frothing reagents respectively. 


the 7 use of magnetic separators was discontimed in October 1926. The 


ore mined did not require their operation, as the magnetite content ‘bécame 
negligible. 


In 1927 a change was made in the size of the grinding media in the 
secondary grinding mills; the 3inch balls formerly used were replaced with 2- 
inch balls waich resulted in an improvement in grinding cperations. 


During the same year the use of a high lime circuit in the ball mills. 
for the grading up of concentrates was started. This change increased the per- 
centage of copper in the concentrates approximately 10 units. 


The use of tables was discontimed in June, 1927, as the production 
from that portion of the mine containing the native copper was, and will be, 


discontimed for a mmber of years. Table operation is not required on the’ 
clean chalcocite ore. —— Hs — eS 


In. 1928 and 1929 alterations were made in the coarse crushing depart—* 
ment as follows: The Noe 8 McCully gyratory crushers were replaced by 7~-foot 
Symons cone crushers followed by Hummerscreens in place of the Chino’ impact 
screens. With the use of Symons cone crushers a very decided increase in ei 
duction ratio was made in this department, the finished product being mims 4 
inch size as compared ne mimis-{-inch with the previous equipment. 


With the mech finer product, from the coarse crushing department the - 
use of 42-inch rolls for fine crushing became uneconomical, and each set of two 
rolls was replaced with one 7 by 10 foot rod mill, using rods of 3inch diameter. 
In making this replacement one of the three secondary ball mills of each section 
was converted to a primary rod mill and the grinding equipment of each section 
now consists of one primary rod mill and two. regrinding ball mills. This change 
resulted in materially decreasing operating and maintenance costs and: ina de- 


cided reduction in power adie without oe the overall grinding 
sizes. 


In 1929 classification capacity was increased by using one 15-foot bewl 
Classifier for primary classification-—that is, handling primary rod-mill dis- 
charge—-and two 8&fnot by 26—foot 8-inch standard drag classifiers for secondary 
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classification, Riseerget balirmill Gischargee. <::. Ree 

In addition to the above changes, in the latter part of 1928 and the 

first: part. of 1929; the: ‘pheunatic’ flotation machines in use were replaced by 

. @ight strings ‘of: Southwesternm-type' air-lifes matless machines. The use of the 
matless-type flotation machines fasul 64 d-in.a very decided saving in power, 

maintenance, and: ‘cpéating césts and &Lso. showed an tains recovery, expecially 

on. ores: oe a high aay ‘Content. eee es 


 OOARSH CRUSHING: PLANT “i we MIME 


Primary ‘crushing or ‘breaiing ‘As. ‘done, at the, eee ins ‘flow ‘sheet 

of the: ming cmbhing ‘vlant. with a, legend showing number azd sizes of machines 
is given in Figure 2.° the present Coarse crushing piant consists: of two units 
of peigea. ee but a three--unit. Deane ila plew “Pde 


me: size of the product oy “Aetive ead eo tho concentrator from on plant 
1s ne ty the cyratory crusher and tke eri szly with 3-inch cpenings _— 
8 of Figo 2 . _ ots . . oe 


43 


"PRESEN iGirop OF CONCENTRATING 
The ianeanteeter seas sts of five devartments--namely,—-coarse crushing, 
spe oat er ikem grinding, flotation, and donarertne or ‘filtering. ; 


stare. Ser, 


Coarse eo Orushing at t the Concentrator 


The -coarse crushing department ‘of ‘the. eoneiatenien consists of. three 
units, ‘each of whitch is equipped with one. d4—juch: feed conayor, one 7~foot | 
Symons:-cone crusher, six Hummer screens, one 28~inci elev:tér, and one set of 
72 by 20 inch Garfield rolls. ‘the three units of this department are served by 
two 36—inch incline conveyors and. two e8inch: erasers conveyors zOe distribution 
of. ore into the fine ore bins. oe ‘ 

_ Lhe flow sheet 6f one unit of the ccarse, omshing: Aepavtnent with 
accessory equipment serving the three units is shown in Figure 5. — - Ore is de- 
livered from te coarse ore bins at minus—4~iach size to ous 4 by 5 foot ‘Hummer 
screen by steel. apron feedsrs ani one 34-inch helt conveyor. ‘%.e Hummer screen 
has openings = by 14 inch in size and is equisned rth: 0, 250+4inch wire and a 

~40. vibrator, ‘The oversize product feods a 7-foot Symons’ cone crusuer set at 

inch size azd operating at the 1ute of 230 gyrations ‘per minute. The under 
size product: of the Hynemer ‘Screen goes to on “ oy 7% foot dummar screen equipped 
with two V-40 vibrators. - iis screen kes = Ly # inch size cpeni> ~3,, tis wire 
Bize being 0.C&ainch diameter. : The oversize nroduct of this scrsen joins the 
erushed product from the Symons cone cr:sher end drons- into the boot of a 38-inch 
bucket elevator. This elevator ds equipped with a dpuble row of 18 by 103 by. 8 
inch buckets spaced 22 inchiss apart and cischarges into a sirge bin from which 
the ore is drawn by means of drm tyve teeters to four 4 by 5 foet. Huit-nor screens 
Equipped witha “40 vibra torse The Wire - size cf thse goreens ic 6 09 or inch diae 
meter and the oniniugs are % by = -t.enes in sive. tre om: eLze! pefucts .of. these’ 
screens feed one set of 7% by 20 inch Carfield. rolls runnizg’at a specd of 110 
revolutions per mimutee The rclis omerate in closed circait with the 38inch | 
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Legend of equipment ~- primary crushing department 
No. 


Mark No, Mark 
1 20 or 30 cu. yd. side-dump cars 9 
2 1 Grizzly = 6B inch opening 10 
3 ! 84 =x 66 inch jaw crusher W 
4 1 Undersize bin 12 
5 2 Undersize bin feeders 13 
6 2 Crushed product feeders 14 
7 2 42-inch belt conveyors 15 
8 2 Grizzlies - 3-inch opening 16 


2 


1 
! 
2 
! 


No. 8 gyratory crushers 
60-inch belt conveyor 
2-way splitter 

42-inch belt conveyors 
Storage bin 

Pneumatic operated gates 
55-ton ore cars to crushers 
Railroad track scale 


Figure 2.- Flow sheet of coarse crushing plant at mine 


Y 
© 


Legend of equipment - coarse crushing department 
No. 


Mark 
55~ton ore ¢ars 7 
Coarse ore bins- ore, ~4 inch 8 
Stee! apron feeders 9 
34-inch belt conveyors 10 
4 = 5 foot Husmer screen iW 
7=foot Symons cone crusher 12 


! 
1 
4 
4 
1 


4 x 7 foot hummer screen 
38-inch bucket elevator 
Surge bin 

Pulley-type feeders 

4 = 5 foot Hummer screens 
72 3 20 inch Garfield roll 


mm KN 


& 


36-inch incline conveyors for 3 units 
Automatic electrical samplers 
Shuttle conveyors = 28 Inch 


Fine ore bins = capacity, 125000 tons 


Figure 3.- Flow sheet of one unit of concentrator coarse-crushing department 


k 
N 
© 
"70 Dorr thickener 


* 
= 


1 
® 
= 


From primary & secondary classifier over/low 


( 


Tails fo dain 


i 
@ Be 
© 


Legend of equipment - primary and secondary grinding 


>| Ie 


Mark NO. Mark NO. Mark NO. ; 
\ 4 Stee! apron feeders 4 2 inch wilfley pumps- | operating 7 2 20-inch bucket elevators 
2 ! 20-inch bucket elevator 5 ; 8'x26'8"xI5" Dorr bow! classifier 6 2 g'x26'8" Dorr drag classifiers 
3 1 7 10 foot rod mill 6 2 7. 10 foot ball mills 9 1 Automatic electrical sampler 


Figure 4.- Flow sheet of one section of primary and secondary grinding units 


1500 tons 


© 700 fons 


1500 fons 
Oo CEE ° Team 6 
Legend of equipment - flotation department 
Mark NO. Mar k No. 
2 4—way flotation distributors 8 8 6-inch wilfley pumps 
2 8 Matless flotation rougher cells 9 2 Matless flotation cleaner cells 
3 8 Matless flotation rougher cells 10 2 Matiess flotation cleaner cells 
4 8 Matless flotation rougher cells i Automatic electric samplers 
5 B-inch wilfley pump sump 12 \ Finished concentrates sum 
6 8 B-inch wilfley pumps - 4 operating 13 2 6-Inch wilfley pumps- | operating 
7 6-inch wilfley pump sump 


Figure 6.- Flow sheet of flotation department 
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elevator and Hui-mer screens. An. inclined 36-inch belt conveyor delivers the 
finished product of this circuit, together with the undersize product of the 

second Hummer screen, to the fine ore oins where the ore is distributed by _ 
two 28-inch shuttle ETI, | 


Table . 1 gives screen. analyses of the ‘Symons. crusher and final crush- 
ing pee products. boat 


Table le - Screen analyses cf coarse crushing plant products 


. 
, Symons crusher oroduct | Final coarse crushing 
Screen size | a %. plant product _ 


Weight, Cumlative | Weight, Cumulative 


per cert. per.cent - per cent. | per cent 

On 0.742 inch....| Be 3.1 | es ee 

On 0.525 inch:...| 15.7 ' 18.8 oe —_— 

On 0.371 inch.... PAY 40.5 — oe 

On 3 mesh........ 19.1 59.6 — —_ 

On 4 mesh........ '' 14.0 73.6 * 065° 55 
On 6 mesh....... ‘é 6.0 | 79.6 13.5 19.0 
On 8 mesh....... e Sel . 82.7 12.4 3124 
On 10 mesh......- Rel 84.8 10.5 - 44.9 
On 14 mesh.....e. 1-6 86.4. 8e4 50.3 
On 20 meshe.cseee 1.0 87.4. F 6.7 57.0 
On 28 mesh...... ‘ 1.0 . 88.4 5.9 62.9 
On 35 mesh...coce 0.7 89.1 4.9 67.8 
On 48 mesh....... 1.1 90.2 509 Tle? 
On 65 mesh...... : 0.9 91.1 . bed 7De0e2 
On 100 mesh...... 1.0 92.1 4.1 790d 
On L50 mesh...eee lel 93-.e 2.8 B82elL 
On 200 mesh...... 1.3 94.5 209 85.0 
Minusg-200 mesh. ee bad 5.0 15.0 15.0 


Primoar- and Secondary Grinding 


The primary and secondary grinding departments include nine sections, 
each with a normal capacity of 1,500 tons of. ore ver day. 


Figure 4 is the flow sheet of one unit of primary and secondary grind- 
ing departments which gives approximate ore tonnages and a legend showing the num 
ber end sizes cf machines. ; - 2s — 


For sections 1 to 4, inclusive, the ore is drawn from the bottom of the 
fine ore bins by means of steel apron feeders, twd feeders being installed for 
each bin. The apron feeders discharge into a 20-inch elevator equiped with 
a single row of 18 by 8 by 103 inch buckets spaced 34 inches apart. This elevator 
feeds one 7 by 10 foot primary rod mill. ‘The rod mill discharge product is 
pumped to a model DSDB, 8&-foot by 26~foot 8-inch by 15~foot Dorr bowl classifier, 
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by one 6-inch Wilfley sand pump. The rakes of the classifier operate at 29 
strokes per mimte and the bowls are equipped with variable speed’ motors 80 
that, depending upon the character of the ore, the speed of the bowl rakes can 

be controlled between'1.5 and 5.0 revolutions per-minute. ‘he overflow product 
is flotation feed and tho sand product is split equally to two 7. by 10 foot 
secondary ball mills. ‘The discnarge product of each ball mill _is elevated by 
a 20-inch elevator equipped with a’ single’ row of'18 by 8 by 102-ifich buckets 
spaced 17 inches apart to one 8~foot by 26—foot 8-inch standard Dorr circulai- 
ing classifier with rakes operating at 20 strokes per mimte. This classifier 
operates in closed circuit. with the secondary ball mill. ‘The elaésifier cver- 
flow product is. flotation. feed.. . 7 5 eo 


'- The flow of the ore forsctions 5 to 9, inclusive, is the same as 
described: for sections 1 to 4,inclusive, with the exception that the-rod mill 
is fed Py a (28-1nch pare conveyor - instead ‘of a bucket: elevator. 


: Tables 2 sha: 3. give tabulated. grinding sca data. oor the primary rod 
mills ana secondary ball mills Porc eae anes ee, Seis ok eee 


“Table 4 gives screen sanhy tse: of primary and secondary grinding ‘feeds. 
and products. 


Table 2, - ,Qnerat ing data for primary rod. mills oe 


Number of mills per section. rete eee e eaten deo! tas Pick oa th 
Size of mills: 2 | ee oe uae | 
. Diameter, feet... ee ee eek” i. (aro 
Leneth, L66tes<iyssccess et oe ate| a 10... 
Speed of Bertil Le De Meese ees paboneriacndt ae 19.9 |. 
Size of rods: oe | seer roe 
_ Diameter, inches. scateaes nine oisineh ° Sk —«S, 
Length, inches..,...... bis Neteeiars oo eee 1103 
Rod data, from mamfacturer,. Kinde sscecscceccce | HEat treated and machine straighte 
Carbon content of rods, per: aoe eer eenererrn - 0290 to. 1.05 
Rod load, POundS...cccccccsteceeces ee ee —. 42,000 - 
Rod consumption, pounds per ton of ore milled... | ae 0-40 | 
Kind of Linere: re . 
SId6 icin sniie Setaweeionseeeeeseoenes: * = White iron 
WMO vse ceesiiGwsncsetees es esses - “Manganese steel 
Lifting bars: wie: a ae tants, 
KA ad sesulswasea oe COP eT eC ch ie ee ” Manganese. steel 
Number to the circle.....ccscesesoe! ‘20 
Weight of liners complete, poundss..cerevseece feo. $8,650. 
Approximate life of liners, dey Gi oiseeseeneee 7 450. 


TYPO OF GrAveccrccrcccrcvnvcccsnvevsessevserves Direct connected to 175-horsepower 
‘synchronous motor. Helicel gears, 

| a ee | enclosed magnetic clutch. 
Power recuired, “Sli owatte sealed Da sb oraeieiers rT ee |e 


Averaze ore handled per mill. per 24 note a 1,500. 
Density of feed, per cent of solids.....eseeee; 2 65 
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Table 3. ~ Operating data for secondary ball mills 


Number of mills per section...... Rada etiatais ove ra 
Size of mills: 
Diameter, feet.......... iene aaien ¢ 
Length, feet ......,... cece eee 4g oo os. . 10 
Speed of mills, rs Pp. M........cc08. ee | A ee es 
Balls: | . Ses 
Kivi x sifse cnieosudaiwewe’s stares White iron 
Diameter, ANCUES.4atasresesuewen taal 7 8 
Load, DOUNdS... ccc cece eee ee ne eee 36, 000 
Consumption, pounds per ton milled. 1.4% 
Side liners: ss | 
Kind aepasastes sesecaes ere er ne | Batts 
Length, inches.....ssseccecscessceeh 5 GEG. 672 
Tid 2s. (GAYS weg otis soe wee eo ia Scare are ace . ; 
End liners: : | _¢ 
KANd.. cee ceececccecccerecsescccsecs x White iron 
Life, days. . Seca: eee Peiiatalaneweass He 123 
Weight of liners, complete, pounds....:..... fF 80,218 | 
Lifting bars: co a 
KA NGs 6:56 os oa oe he ew oe aes ‘ Rails ' 
Length, inchess...ceceeeeeeceseeeee| i. 6 
Number to circle. Peete cece eee ne cee — 10 
Type of drive.........0.. Ae eran ee (ieee we Hizect connected to 175~ho rsepower 
synchronous motor, Falk helical gears, 
enclosed magnetic : ‘clutch. 
Power required, HLL OWE LUG sisditicw ce weiwsige.e ve a oer | Tel 
Average weight of new feed rere ae 0 
per day, tons...... gsi eratele oben eee c ae eae P - + AO. 
Density of feed, per cent of solids. ...-+4.. 70: - 
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T. C. 6394 
Flotation = "4" . 


Figure 5 shows the flow sheet of the flotation department. The flo- 
tation plant is composed: of. eight rows of. Southwestern air-lift matless rougher 
Flotation machines,: each. row having three cells, making a total of 24 rougher 
cells. Each rougher flotation. cell is 27 feet fone by 6 feet 6 inches wide by 
4 feet deep. Each two rows of. ougher machines are served by one cleaner cell, 
18 feet long by 6 feet 6 inchéé ** 3 fect 6 inches deep, with the exception of 
two rows which are used for experimental purposes. Each of the latter rows is 
served by one Cleaner celi, one~half the len:th of the regular cleaner cell. As 
shown in Figure 5, the comoined classifi er overflow products of all grinding sec- 
tions are delivered to two flotation,feed distributors. Each of these distritu- 
tors serves one-half of the flotation plant and each splits its feed equally to 
four rows of flotation machines. A rou;nsr concentrate is produced by the first 
cell and is pumped by means of a 6—inch Wilfley send pump to a cleaner cell for 
finishing. The second and third rougher cells of each row make middlings products 
Which are pumped to the distributors feeding the first rougher cell by 8~inch 
Wilfley sand pumps where they join the tailings of the cleaner machines, the total 
product being re-treated with new flotation feed. | 


Air is furnished to the flotation cells by Roots blowers at the rate of 
4.45 cubic feet per ton of ore concentrated, at a préssure of 2 pounds per square 
inch at the blower or 14 pounds at the flotation cells. The air headers are 12 
inches in diameter and she drop pipes are of l-inch diameter on the rougher cells 
and $-inch diameter on the cleaner cells. The power Poueueerous for flotation 
amounts to 1.4 kilowatt-hours per ton of ore treated. 


‘The flotation reagents used at. present consist of lime, raconite, and 
steam distilled pine oil. 


The lime is added to the rod and ball mill feeds in the form of milk of - 
lime which is prepared as follows: .” Burnt lime is received in railroad cars and 
averages approximately 75 per cent of avallablie CaO. Sufficient water for the | 
complete hydration of approximately 1, 000 pounds of lime ig run into a large con- 
crete hin to which the lime 4s added with a Gantry crane. After slacking is com-_ 
plete, the slacked lime is washed into an adjoining concrete bin through a gate 
at the bottom; the milk of lime is then washed, by means of a fire hose, through 
a S-mesh screen with 0.128 inch openings and 0.072 inch wire, to a 6-inch Wilfley 
pump which discharges.into a 75 by 20-foot Dorr tank for storage. The discharge 
from this storage tank is pumped to a distrioutor where the required lime for. 
each section is talcen off and the excess returned,to the tank. Sufficient lime 
is used to maintain an approximate alkalinity equivalent to.11 cubic centimeters 
of tenth normal hydrochloric acid per 100 cubic centimeters of tailings water. 
This amounts to Serer ee iy 0.60 pounds of free CaO per ton of tailings water. 


The raconite mixture is manufactured at this plant, the method of manu- 
facture being recently described by W. I. Germs 2 This reagent is diluted to 10 
per cent strength for mill use and is again diluted by a large addition of water 
just before the reagent joins the ore pulp. The object of diluting is to dis- 
tribute the raconite more readily throuch the pulp. This reagent is added to the 
primary and secondary classifier overflow products of each section, in the 


5—~ Garms, W. I., Concentrator Methods and Costs at the Hayden Plant of the 
Nevada Consolidated Copper Co., Hayden, Ariz, U. S. Bureau of Mines Informa- 
tion Circular 6241, Feb., 1930, <5 pp. 
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ratio of 50 per cent to the ee eee end 50 per cent to the secondary 
product. . ‘ si 


The pine oil, Yarmor steam distilled, is added to the —_ sumps 
receiving the middlings products of the rougher cells. The addition at these . 
points is made to obtain greater emulsification eee of Has tial pumps 
before the reagent enters the. flotation cells. | a , 


In the year 1929 an | experimental ‘unit’ Was. installed. on sections 2 and 
3 of the fine grinding department, followed by two rows of a 
_ The flow sheet of this experimental -unit..is.shown. with -légerid in Figure 6.” 
will be noted in Figure 6 that the primary classifier overflow products oi ce 
both sections 2 and 3 are combined and the. tqtal ia split. in two equal parts; 
also the.. secondary . overflow products. from .the two. sections are combined and split 


equally. 


The half eaeren. of ‘the fe and secondary ; overflow products com- 
bine and constitute the feed to each of:the flotation rows. ‘The reason for com- _ 
bining and splitting the primary and secondary overflow products 4s that there 
exists at times a wide difference in ore ‘on the different fine grinding. sections, 
and the arrangement here shown Cheever oe ae of tenons nee to 
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Table 5 vee screen pHa vees and distributions of copper tn ‘flotation: 
heads, concentrates, and tailinge products. 


Table 5. « Screen analysés and distributions of copper in pre en 


| oe Flotation heads es ee ee ee 
Weiz co on | Assay, ; -Weight -- | Potal Copner 
Screen size aa daee. nae - iC Cumulative S *% é. ; umulative | 
mesh . - a. | Gumulative ‘copper |Units ott units of Per cent per cent 
7. Per. cent. per cent | thet pene Da ee oe 


On 48 ..... 4. 
On 65: jeaws: 
On 100 .... |' 
On 150 coos 
On 290 wee. are 
Through 206 58.8 
Composite -+f.00- O 
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Section N23 
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Legend of equipment - experimental test unit sections Nos. 2 and 3 


No. Mark No. Mark No. 
2 20-inch bucket elevator-primary 7 4 inch wilfley pumps- 2 operating 13 2 3 wide matiess flotation rougher cells 
2 7 10 foot rod mills § 4 20-inch bucket elevator— secondary 14 4 inch Wilfley punps- 2 operating 
4 7» 10 foot ball mill 9 t classifier overflow distri- 15 4 6-inch Wilfley pumps- 2 operating © 
4 8'x26'8" Dorr drag classifiers ot classifier overflow distribu- 16 2 Wide matiess flotation cleaner cells 
2 8'x26'8"*I5"Dore grag classifiers I1 2. Jung i Ox and secondary 17 2 Automatic electrical flotation tail sampler 
2 Jones riffler | i sats elec flotation head ie 2 Automat ic electrical finished concentrates 
sampler sampler 
Figure 6.- Flow sheet of exoerimental unit 
From tin. concentrate Sump 


® 


Legend of equipment - concentrates dewatering department 


Mark NO. Mark No. 
1 Dorr thickener - 48 = 20 feet 5 ! 20-inch belt conveyor 
2 Dorr thickener - 75 = 20 feet 6 ! 20-inch belt conveyor 
3 2 iG-inch bucket elevators — | operating 7 55=-ton railroad cars 
4 5 14 x 14 foot vacuum fliters 


Flgure 7.- Flow sheet for dewatering flotation concentrates 
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Table 5 — Breen analyses a. ‘distributions of copper in flotation products 
, | ae Co: nt: timed) | 


einen egret meme rc SE 
tLotation concentrates 


. . at 
de * 5 c 
’ . 


- | Weight... | Total copper’ 
Screen size, ' Cumlative! 48599. ‘tynits of| CM fativel \Cuumlative 
mesh. per cent Per cent units of. Per cont per cent 
Copper copper | 
Cn 65...... 8.41 | 0.101 0.101 0.4 0.4 
On 100. e 1l. 87 | 0.534 AS, 0.635. _ “2.9 are Led 
On 150. |715.6L | 1.280 ~ 1098 -| 40% + | 700° 
On 200..... 18,26 | 2.392 4.307. .|.. 86@ - | 15,6— 
Through 200 81.283. eae . "25.256 ‘| 84.4 | 84.4. 
Flotation euNER TS ae ek Fa . 
| Weig he Weight | total copper 
Screen size, ‘ Assay, ' | Cumulative |: 
mesh Per cont Cumulative Per cant | Units of; units of lie cent Guimxlative 


ii per cee copper | copper | empes . pee cent 


On 48...065 as pee" 
On 65...... 1 5.3 8.1 
On 100..... | 13.3 2leo” = 
00° 150.6006) 11,5 32el 
On 200..... | 10.8 42.1... 
Through 200 | 58.2 57.9 
Composite.. {100.0 


ra 


ae) - . 100.0 
TBRATERING 0 OF FLOTATION CONCENTRATES | 


Figure 7 gives the flow sheet for dewatering ‘flotation concentrates. 
Flotation concentrates of the $ntire mill are délivéred to une 48 by 20 foot’ 
Dorr thickener by one 6~inch Wilfley pump. The overflow water of this thick 
ener flows to one 75 by 20 foot Dorr thickener, the clear évérflow water from 
this second thickener being returned to the mill circuit. ‘The concentrates 
pulp, thickened from 18.5 per cent of solids to 70.0 per cent uf solids, is fed 
to 14 by 14 foot Oliver filters. ° The filter plant contains five filters, four 
of the Oliver type and ong. Dorrco filter. The filter cake is conveyed ¢irecily 


to railroad Cars _ 


The following tabulation gives filter plant datas 
Kind of filter cloth used.......ss,.cecseseeeseM0e 26 filter fabric 1?-cunce duck. 
Kind of wire used for wrappings. ce. seus oNo. 9, hard Aran: galvanized filter wire. 
Spacing Of wire, ANChES.... cc wreeserwecccesee rise eecssceceermenecseeweseseseserenge 
Life of filter cloth, .days.e.ccesusnsccevieverscovessesvarseepeceenessonewe ssc che 
Amount of vacuum ased,. inches- of MOT CULY jstwurioecow aed newinn Haweenredeeutenuiene 2060s 
Weight of concentrates: filtered per square foot of filter surface, tons.....14.40. 
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| ‘ DISPOSAT, OF TAILINGS AND WATER RECOVERY FROM TAILINGS PULP 


me final tailings proict, containing 21. 7 per ‘cont of solids, “46 
seuverse by gravity through a 30-inch diameter, contimous, wooder-stave pipe 
Line a distance of 6,590 fest to beaks settling cael ‘wher hese a of the’ pipe: i 
pears. eee feet pes’ q, bachedal is 

“Figure 8. shows a ee of > the tabitage ‘Ateposal and watex reclaiming 
Bystem. 2h es eee eee 

mo tthe. 30-inchi Lins ‘Glachaiceee: ae a  ylindrical | concrete ‘bok ‘which * 
fecda the distributing lines. Distribution of tailings pulp ‘around: thb* settling 
pond is effected by means of. 20-inch diameter wooden-stave pipe. lings or : 
launders. All pipe lines are set Level with sufficient head: on the’ inlet to. 
fores the pulp to the desired point. Where launders are employed, they. are: 
set with a slope of 6 feet: per 1,000, except on.curves,..where the. nana is: 

increased | to approximately 8 feet er i, hee 


.- “4 . . 


“ithe ‘settling ponds: are pe etanzalax” or square in shape, and the sides 


are from one-quarter to one-half mile in length. Owing to the comparatively © 


flat nature of the country, borders: mist’ -be maintained on all sides. As: the 
failings area is filled the distridating. lines are raised 16 feet and moved . 


inward 32 feet, a. alone of fe eowiad Ano to one being ee eee on. the . 
borders. 


; eg Bert EE RA ier ® 
. : . { 


Distribution. of tailings aroun the outer aa of the ‘ame is. accom 
plished by means of holes.spaced 10 feet-apart in the bottom of ‘the distributing 
line, the discharge from each hole being, conveyed to the extreme edge of the 
border by a 4'by 4 inch launder 16. feet long. The water and very fine slime | 
drain to the ‘center of the pond, leaving the coarser sands deposited on the 
dike clear of the trestle carrying the distributing lines. The height of the 
crest of the dike is approximately 2 feet above the water in one Pela and is 
maintained by a Martin. difcher Grawn by :a, ‘aie agen tractor. wee 


The settling pond i now. in service, has a. total. ares an 90. acres: with 
an exposed water surface of 8 acres. Of ‘the total. water sent to the pond about 
60 per cént is recovered, ‘the’ 1038 being. due to water held with :the tailings, to 
evaporation, and to a small amount. of seepagee.. Clear water-4s reclaimed through 
one or more dewaterers located toward. -the central part of the pond and connected 
to a gathering pipe line on the natural ground, under the deposited tailings. 
The dewaterers are constructed of 4 by 6 inch timbers laid flat, have an inside 
dimension of 4 feet, and are maintained at a sufficient height to give a clear 
overflow. The gathering line discharges by gravity into the main storage lak. 


A 36-inch dianeter reinforced ‘tile line is located in the natural 
ground under the main storage lake, extending through the center and for the. 
full width of: the lake. A seriee of dewaterers, of the ‘game ‘type as those. 
in the settling pond, are directly cbrmected with this line.. The. height of 
the dewaters regulate® the volume of water drawn off.’ the recovered water flows 
aoe this ae ben a vertical: shaft end’ from there is # pumped, into a. canal. | 
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The pumping equipment at this station consists of two 3,000 gallons 
per mimte Worthington Axiflo pum.s and one 8,000 gallon per mimte Kimball 
pump. The operation of these sums is sovarned by the elevation of the water 
in the lake. During’the greater portion of the year the: elevation is suffi~ 
cient to overflow he required volums of water by gravity to the canal e 


The cayal discharges into an artificial Lake , situated east of the 
mill, where a permanent pum station is located. This station is equipped with 
four c~stage Cameron centrifugal pumms each witha. capacity. of 3,000 gallons 
per mimute. The reclaimed water, together with any -flood water, 18 pumped to 
the mill reservoir, which has a capacity of 15,009,000 gallons, through two 
24-inch diameter, continuous, wooden-stave vipe lings for a distance of 4,768 
feet and under a static hoag of 100 feet. 


SAMPLING 


, All semoles are taken automatically with electric samplers which are 


governed by a mas ter timer regulating their aera yee to one cut every eight 
minutes. : 


The eee mill heads seaie: is taken at the discharge of the in 
clines conveyors, just before dslivery of the ore to the fine ore bins, and is 
removed to the sample room each morning at 7 o'clock. The total weight of this 
sample amounts to 1,800 wounds, and riffling reduces this weight to 25 pounds. 
This sample is used for both moisture and copper determinations. Due to the 
loss of moisture, which takes place in this aanple before riffling and removal 
to the sampling room, a factor is added to the moisture analyses to compensate 
for this loss. Tue heads samle is Lita for the 24-hour oe shift 
samples are’ not BeEreEeuers | | 


All flotation tailings products are soimbinied in one common launder 
from which the general mill tailings sample is obtained. The total dry weight 


uf thé- samole averages 24 ae and this Wetony: is reduced by riffle to as- 
say size. , | 


The finished flotation concentrates pulp is pumped from the plant to 
one 48 by 20 foot Dorr thickener and is sampled just before entering this thick- 
ener tank. The weight of this sample after ary ing is approximately 10 pounds. 


In addition to the sampling described, senolies are taken of the tail-~ 
ings products of the individual flotation units. This is.done as a precaution 
in case the géneral mill tailings sample is spoiled, or the general mill tailings 
sampler be down for eR aehee 


Auger samples are taken of each carload of concentrates for purpose 
of checking the general flotation concentrates samoles. The sampling of each 
carload of concentrates revresents a composite of 43 auger holes distributed 
regularly over the area of the car. ‘The average of the assays of auger samples 
checks the results obtained from the general flotation concentrates sample. 
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METALLURGICAL CALCULATIONS 


The ore is weighed on railroad sca7zes at the mine and is: delivered 
at the concentrator by. the Atchisen, Tonexa & Santa Fe pata ie cee 


The weight of ore’milled each day is astenninee by Saeimtine the 
amount cf cre on hand, subtracting the amount..on hand.the previous morning and 
adding to this the actual weight of the ore received. for the day. The weight . 
of cre milled is reported in dry tons, being corrected for moisture, BeCOZnane 
to the Sd a determination made on the heads pezpiee -- a ; 


wayne determined the ary tons of ore milled for the dey, ‘the weight 
of copper in the heads is determtnad from this figure and the assay of the heads 
sample. The ratio of concentration is then determined from the formla, ASE 
where H, C, and T represent the copper contents of the heads, concentrates ~ t 
and tailings, res»vectively. 


The dry tons of ore milled divided by the ratio of concentration gives 
the weight cf concentrates produced, in dry tons. The weight of heads mimis the 
weight of concentrates equals the waignt of tailings. The pounds of copper in 
the tailings is computed from the weignt uf tailings and the copper assay of 
the tailings sample. The pounds of cooper in the tailings deducted from the 
pounds of copper in the heads gives the indicated extraction uf copper, in pounds, 
The indicated copper extraction,. in per cent, is obtained from the indicated 
pounds of copper mo Covonae, and. the pounds of copper contained in the heads. - 


Sev. > 


. WATSR SUPPLY. 


The initial water is cbtained from five different sources, hamely — 
Apache Tejo, Bolton Ranch, "BY Ranch, Whiske, Creek, and Cameron Creek pump 
stations. 


Apache‘Tejo Stations:--The Apache Tejo station from which the main 
source of supply is obtained is located 4 miles south of the concentrator. 


The water is obtained from tnree wells having individual depths of 
777 feet, 881 feet, and 2,445 feet. The water level at the present time is 146 
feet below the surface. The water is raised by air lifts and delivered to a 
concrete reservoir from which it is pumped by two Aldrich quintunlex plunger 
tims through a 2O-inch diameter steel pire line with a length of approximately 
» 21,000 feet under 400 feet static head, to a 223,000-gallon initial water supply 
tonk, 


The air lifts are served by three Ingersoll-Rand, type XB8, 17 by 10 
by 14 inch ccmpressors. 


The maximum capacity of this station is approximately 2,600 galions 
per mimte. The amount pumped, however, is dependent woon requirements which 
normally are 980 gallons per minute. 
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The water from this” source ‘supnlies domestic and power ae require 
ments. The surplus is used for mil Ling purposés< 


Bolton Ranch St Station: --This station.is located iieeehaiiaie 25 miles 
southeast of the concentrator and at present has a normal output of 690 gallons 
per mimte. The water is sumped from a distance of 210 feet below the surface 
by a deen well pum through 4,500 feet of 14-inch diameter steel pipe under a 
static head of 270 feet. ‘The pine line discharges this water into the canal 
where it joins the Picneres es from toe main BUGEOES aaa 


"Bl Ranch Station: same uBtt Ranch station is ocated cne-nalf mile 
northeast of the concentrator and has a.normal.output of 514 gallons per mim1té 
The water is obtained by means of a drainage tunnel located on bed rock across 
Whitewater Creek ‘and flows by gravity-to.the suction of a 10-inch diameter by 
l2z—inch stroke Aldrich vertical triplez pump. This water is pumped to the mill 
reservoir a distance of 3,100 feet througn an inch diameter steel pipe line -- - 
under a static head of Bape sneer 180 feete | 


Whiskey Creek: The Whiskey Crea station. is located about 5 miles 
west of the concentrator and-has a normal cutout of 171 gallons per minute. The 
water is obtained by means of a drainage tunnel alon: the bed ¢f the creek and 


Ss ee ee, 


is pumed a total distance of 9,300 feet to the Cameron Creek station where it 
is relayed to the mill recervoir. The station is equipped with a triplex pump st. 
of the same size as that at the "3! Rench station, and this ‘pump er against 
a total head of 290 feet. | 


8 86 ©. 
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Cameron Creek: i: Cameron Creek station is located 3 miles west of the 
concentrator and nes a normal outout of 190 gallons per mimte, This station 
1s equipned with an Aldrich triplex pump of the same size as those at the "Bl 
Ranch and Whigksy Creek staticns. ‘The water is pumped through a 14-inch diameter 
steel pive line directly to the mill reservoir. This line is about 17,000 feet 
long and the combined static and friction head is approximately 250 feet. The 
source of tim water supply at: this station is drainage into Cameron Creek from 
the surrounding countryé 


In addition to the water stations enumerated, a well ‘is Located Ta 
the main storaze lakes which furnished 245 gallons of water per mimate from an 
underground flow not connected with the lake. 


The impurities in-the water have no marked effeat on ore tréatment. 
Due to the high lime content maintained in. the milling circuit, all detrimental 
salts are vrecipitated when new water is.mixed with the stx rongly alkaline re- 
Claimed water. eee Be cake 


The tctal rater for milling purposes amounts: to 850 gallons per ton 


" & 2. & 


water. 


/ # © e@ @ . © @ 4 
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hours per ton of ore milled, distributed as follows: 
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Initdal Water. .cecccccccercscesvcccece 1.550 kweh. per ton 


Reclaimed water... .cccccccensscccceesce0e756 Kweh. per ton 
Circulating water.....s+se.....e+ +00 000066 kweh. per ton 


Total. ccc ceccceveveee eoeeaeeeere veseeeeeeeBeB52 Inehe mee ton 
(. DISTRIBUTION | OF POWER 


Table 6 “shows the distribution of electric power consumed, 


Tebre 6. ~ Distribution of power 


= ares ton 


Coarse crushing? = ee | | 
Crushers.....es. ere re 0.349 
CONVEYOTS. cer rccccsccwrececeres 9 BBB 
ROLLS. cre cccceses eter ccccscren | “964 
BlOVaAtOrsesvssceccccescersssce! ©. 0290 

| Other MACHINOTYcrcsecsecceecee | e045 

7 ia Total - ral Oreietede es oneters i. ‘BLO. 


Pr indi ; 
. Pa isitce:suntoracinbinesons 
God mil esciawseavenseweesaw ss 1.840 
Cs SSC Shee we eeereee us 0248 
Other machinerye.....ceecsecee 3163. 
a seit casa 2.475 


19.0 


Secondary grinding: lie | 
| | Ball Mill Se eieecca iprarand ereseayete 4.050. 
e 160 .. ran 


1143 7 


{ 
Blevatorsescscescece maatiaes 
Ciseaiflorssiescs<iseceedaccs | 

Other machinery. .ccccsccscscee | | 

| Mtal:«mescaereacesd « :. “A705. 

Flotation: | as a 

a BLOWOLB. cose eve scceeeres ceniees 0, 888 : 

Pumps cess susceiierecscueasas aioe | | 401 

Other ee erent ae ell : 

TOTAL. -cccveccncces 1.400 — 10.8 

Dewatering: —— | | 

HLEVATOLS..cccccececcccrece eee | 
FAULTELS. wc ccceccccccccscs serene | 
Pumps (WiLfLey)o+eeeseerereree | 
Pumps (vacuum).....ceccccceses | 002 © 

CONVEY OTS iios0 ses ies esos ease; O17 
Other machineryercsccrcccceces | | 00353 : 

TOTAL. -ovvevecresoe | ) 7 '-¢280 | Lea 

Water supply. ccsccccccccecsccccccsccees 2.502 | 18.0 


* Gram POtales casa eT ee re 13.022 | 100.0 


0.026 
- O15 © 
' 087 
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